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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a method and
an apparatus for recording information onto an optical
recording medium such as an optical disk. More specif-
ically, the present invention relates to a method and an
apparatus that are effective to set an optimal recording
condition by a smaller number of times of test recording
for determining a recording condition.

2. Description of the Related Art

[0002] When information is recorded on an optical re-
cording medium such as a CD-R or a DVD-R, matching
between a medium on which information is to be record-
ed and a recording apparatus (hereinafter referred to as
a drive) used for recording depends on individual com-
bination. This is due to factors relating to the medium,
such as variation in optimal recording condition due to
difference in the type of recording material of the medi-
um or due to variation that occurs in film formation during
manufacturing, and due to factors relating to the drive,
such as variation in optimal recording condition due to
variation that occurs in assembly during manufacturing
or due to difference in the type of pickup or semiconduc-
tor laser included in the drive. Actually, a recording con-
dition that is suitable for each combination of a medium
and a drive is determined by a combination of these fac-
tors.

[0003] Thus, according to a conventional method, test
recording is carried out using a combination of medium
and drive that is actually used for recording, and a re-
cording condition with which most favorable recording
quality is achieved is selected.

[0004] Recording condition is mainly controlled based
on the power of laser with which a medium is irradiated
(hereinafter referred to as power) and the width of re-
cording pulses (hereinafter referred to as pulse width).
Thus, in order to find an accurate optimal condition, it is
ideal to test all the combinations of power and pulse
width. However, a test recording area provided on a me-
dium is restricted and increase in the number of times
of testing affects a size of area to be used by a user or
the number of additional recording operation available.
Thus, it is desired to find an optimal recording condition
by a minimum number of times of testing.

[0005] Thus, conventionally, ID information that al-
lows a drive to identify the type of medium is stored in
the medium itself, and test conditions prepared in ad-
vance for individual media types are stored in the drive.
When information is actually recorded, ID information of
a medium loaded onto the drive is read from the medi-
um, and a test condition associated with the ID informa-
tion is used.
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[0006] Fig. 31 is a schematic diagram showing fea-
tures of a method for determining a test condition based
on ID information stored on a medium. As shown in Fig.
31, in which a range of test condition is expressed by a
matrix image of a combination of power and pulse width
of recording pulse 10, the method uses test conditions
in which the power is changed gradually while the pulse
width is fixed.

[0007] Fig. 32 is a schematic diagram showing play-
back characteristics obtained by the conventional meth-
od shown in Fig. 31. As shown in Fig. 32, when power
is changed by the conventional method shown in Fig.
31, playback characteristics to be obtained, such as jit-
ter values, are represented by a characteristics curve
having a pole at a certain power value, and the minimum
value is selected as an optimal recording condition. This
method is most generally used to determine a test con-
dition, and improvements of this method have been pro-
posed as described below.

[0008] Fig. 33 is a schematic diagram showing fea-
tures of a method disclosed in Japanese Patent No.
3024282. As shown in Fig. 33, according to the method,
arange for changing power is restricted based on a tem-
perature of an optical disk, or based on information re-
garding an optimal recording condition, that are record-
ed in advance on an optical disk. This method is effec-
tive to reduce the number of times of testing.

[0009] According to the method, however, matching
between an optical disk on which information is to be
recorded and a drive used for recording is not actually
examined. Since information that serves as a basis for
restricting test range is estimated information such as
temperature, the probability that an optimal condition
exists in the restricted test range is low, so that the meth-
od is not sufficient to find an optimal condition by a small
number of times of testing. Furthermore, similarly to the
conventional method described earlier, an optimal con-
dition could be missed because it is a method in which
only the power is changed.

[0010] Fig. 34 is a schematic diagram showing fea-
tures of methods disclosed in Japanese Unexamined
Patent Application Publications No. 2000-36115, No.
2000-182244, and No. 2003-203343. These methods
focus on changing pulse width, and pulse width is
changed while the power is fixed.

[0011] According to these methods, however, since
pulse width is changed within a wide range, the number
of times of testing is not sufficiently reduced. Further-
more, since test recording is carried out with the power
fixed, the methods are not sufficient to find an optimal
condition.

[0012] As a method effective to reduce testing time,
paragraph [0030] of Japanese Patent No. 3024282 de-
scribes "... with the same configuration shown in Fig. 1,
it is possible to use a wide range of test conditions for
the first test recording and determine an optimal record-
ing condition with a low precision, and then determine
an optimal recording condition at a higher precision at
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each time of test recording until desired recording qual-
ity is obtained or an optimal recording condition of a de-
sired precision is found. This is effective to reduce the
length of time needed to find an optimal recoding con-
dition when optimal recording condition considerably
varies depending on combination of optical disk record-
ing apparatus and optical disk, and optimal recording
condition must be determined at a high precision." This
method, however, only repeats testing at different pre-
cisions. Thus, unless playback quality is checked at the
first time of test recording, the number of times of testing
is not sufficiently reduced even if playback quality is test-
ed at the second time of testing.

SUMMARY OF THE INVENTION

[0013] In view of the situation described above, it is
an object of the present invention to provide a recording
method and a recording apparatus that are effective to
set an optimal recording condition by a small number of
times of test recording.

[0014] In order to achieve the object, according to an
aspect of the present invention, a recording method for
recording information onto an optical recording medium
with a recording condition determined based on a result
of test recording carried out by irradiating the optical re-
cording medium with pulses of laser beams is provided.
The test recording is carried out while changing a power
of the laser beams in a stepwise manner, and a range
of changing the power is determined based on a result
of checking recording characteristics prior to the test re-
cording.

[0015] The test recording may be carried out while
changing a pulse width in a stepwise manner and
changing the power in a stepwise manner for each value
of the pulse width changed.

[0016] The recording characteristics may be checked
by carrying out test recording on the optical recording
medium with a plurality of predetermined reference con-
ditions and detecting a result of reproduced character-
istics.

[0017] The range of changing the power may be de-
termined based on a difference between a larger power
value and a smaller power value at two points that sat-
isfy a playback criterion. The larger and smaller power
values being derived based on results of approximating
the recording characteristics of the optical recording me-
dium using a plurality of playback values obtained by
detecting the playback characteristics.

[0018] The range of changing the power may be de-
termined based on a difference between a larger power
value and a smaller power value at two points that are
most approximate to a playback criterion among a plu-
rality of playback values obtained by detecting the play-
back characteristics.

[0019] The range of changing the power may be set
based on a power value at a pole of change in the play-
back characteristics.

10

15

20

25

30

35

40

45

50

55

[0020] According to another aspect of the present in-
vention, a recording method for recording information
onto an optical recording medium with a recording con-
dition determined based on a result of test recording car-
ried out by irradiating the optical recording medium with
pulses of laser beams is provided. The test recording is
carried out while changing a pulse width in a stepwise
manner, and a range of changing the pulse width is de-
termined based on a result of checking recording char-
acteristics prior to the test recording.

[0021] The test recording may be carried out while
changing a power of the laser beams in a stepwise man-
ner and changing the pulse width in a stepwise manner
for each value of the power changed.

[0022] According to another aspect of the present in-
vention, a recording apparatus for recording information
onto an optical recording medium with a recording con-
dition determined based on a result of test recording car-
ried out by irradiating the optical recording medium with
pulses of laser beams is provided. The test recording is
carried out while changing a power of the laser beams
in a stepwise manner, and a range of changing the pow-
eris determined based on a result of checking recording
characteristics prior to the test recording.

[0023] According to another aspect of the present in-
vention, a recording apparatus for recording information
onto an optical recording medium with a recording con-
dition determined based on a result of test recording car-
ried out by irradiating the optical recording medium with
pulses of laser beams is provided. The test recording is
carried out while changing a pulse width in a stepwise
manner, and a range of changing the pulse width is de-
termined based on a result of checking recording char-
acteristics prior to the test recording.

[0024] According to another aspect of the present in-
vention, a signal processing circuit that is to be included
in a recording apparatus for recording information onto
an optical recording medium with a recording condition
determined based on a result of test recording carried
out by irradiating the optical recording medium with puls-
es of laser beams is provided. The signal processing
circuit includes a section for carrying out test recording
while changing a power of the laser beams in a stepwise
manner; and a section for determining a range of chang-
ing the power based on a result of checking recording
characteristics prior to the test recording.

[0025] According to another aspect of the present in-
vention, a signal processing circuit that is to be included
in a recording apparatus for recording information onto
an optical recording medium with a recording condition
determined based on a result of test recording carried
out by irradiating the optical recording medium with puls-
es of laser beams is provided. The signal processing
circuit includes a section for carrying out test recording
while changing a pulse width in a stepwise manner; and
a section for determining a range of changing the pulse
width based on a result of checking recording charac-
teristics prior to the test recording.
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[0026] According to another aspect of the present in-
vention, a recording method for recording information
onto an optical recording medium with a recording con-
dition determined based on a result of test recording car-
ried out by irradiating the optical recording medium with
pulses of laser beams is provided. The recording meth-
od includes the step of checking recording characteris-
tics prior to the test recording. The number of times of
recording during the test recording is changed based on
a result of checking the recording characteristics.
[0027] The change in the number of times of recording
may involve a change in a power condition of the laser
beams and/or a change in a pulse condition.

[0028] The recording characteristics may be checked
by irradiating the optical recording medium with pulses
of laser beams by at least two sets of recording condition
that differ in a power condition of the laser beams and/
or a pulse condition.

[0029] According to another aspect of the present in-
vention, a recording method for recording information
onto an optical recording medium with a recording con-
dition determined based on a result of test recording car-
ried out by irradiating the optical recording medium with
pulses of laser beams is provided. The test recording is
carried out while changing a power of the laser beams
in a stepwise manner, and the number of times the pow-
er is changed is determined based on a result of check-
ing recording characteristics prior to the test recording.
[0030] The test recording may be carried out while
changing a pulse width in a stepwise manner and
changing the power in a stepwise manner for each value
of the pulse width changed.

[0031] The recording characteristics may be deter-
mined by carrying out test recording on the optical re-
cording medium by a plurality of predetermined record-
ing conditions and detecting a result of reproduced char-
acteristics.

[0032] The number of times the power is changed
may be determined based on a difference between a
larger power value and a smaller power value at two
points that satisfy a playback criterion. The larger and
smaller power values are derived based on results of
approximating the recording characteristics of the opti-
cal recording medium using a plurality of playback val-
ues obtained by detecting the playback characteristics.
[0033] The number of times the power is changed
may be determined based on relationship between a
playback criterion and results of approximating the re-
cording characteristics of the optical recording medium
using a plurality of playback values obtained by detect-
ing the playback characteristics.

[0034] The number of times the power is changed
may be determined based on a difference between a
larger power value and a smaller power value at two
points that are most approximate to a playback criterion
among a plurality of playback values obtained by detect-
ing the playback characteristics.

[0035] The number of times the power is changed
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may be determined based on relationship between a
playback criterion and two points that are most approx-
imate to the playback criterion among a plurality of play-
back values obtained by detecting the playback charac-
teristics.

[0036] A range of changing the power may be set
based on a power value at a pole of change in the play-
back characteristics.

[0037] The number of times the power is changed
may be determined based on relationship between a
predetermined playback criterion and a plurality of play-
back values obtained by detecting the playback charac-
teristics, and the number of times is changed by addi-
tional recording with a recording condition that is differ-
ent from a recording condition used to check the record-
ing characteristics.

[0038] According to another aspect of the present in-
vention, a recording method for recording information
onto an optical recording medium with a recording con-
dition determined based on a result of test recording car-
ried out by irradiating the optical recording medium with
pulses of laser beams is provided. The test recording is
carried out while changing a pulse width in a stepwise
manner, and the number of times the pulse width is
changed is determined based on a result of checking
recording characteristics prior to the test recording.
[0039] The test recording may be carried out while
changing a power of the laser beams in a stepwise man-
ner and changing the pulse width in a stepwise manner
for each value of the power changed.

[0040] According to another aspect of the present in-
vention, a recording apparatus for recording information
onto an optical recording medium with a recording con-
dition determined based on a result of test recording car-
ried out by irradiating the optical recording medium with
pulses of laser beams is provided. The test recording is
carried out while changing a power of the laser beams
in a stepwise manner, and the number of times the pow-
er is changed is determined based on a result of check-
ing recording characteristics prior to the test recording.
[0041] According to another aspect of the present in-
vention, a recording apparatus for recording information
onto an optical recording medium with a recording con-
dition determined based on a result of test recording car-
ried out by irradiating the optical recording medium with
pulses of laser beams is provided. The test recording is
carried out while changing a pulse width in a stepwise
manner, and the number of times the pulse width is
changed is determined based on a result of checking
recording characteristics prior to the test recording.
[0042] According to another aspect of the present in-
vention, a signal processing circuit that is to be included
in a recording apparatus for recording information onto
an optical recording medium with a recording condition
determined based on a result of test recording carried
out by irradiating the optical recording medium with puls-
es of laser beams is provided. The signal processing
circuit includes a section for carrying out test recording
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while changing a power of the laser beams in a stepwise
manner; and a section for determining the number of
times the power is changed, based on a result of check-
ing recording characteristics prior to the test recording.
[0043] According to another aspect of the present in-
vention, a signal processing circuit that is to be included
in a recording apparatus for recording information onto
an optical recording medium with a recording condition
determined based on a result of test recording carried
out by irradiating the optical recording medium with puls-
es of laser beams is provided. The signal processing
circuit includes a section for carrying out test recording
while changing a pulse width in a stepwise manner; and
a section for determining the number of times the pulse
width is changed, based on a result of checking record-
ing characteristics prior to the test recording.

[0044] As described above, according to the present
invention, a condition for test recording is determined
based on a result of checking recording characteristics
prior to the test recording. Thus, it is possible to find, by
a smaller number of times of testing, a recording condi-
tion suitable for a combination of medium and drive that
are actually used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Fig. 1is aschematic diagram showing features
of test conditions according to an embodiment of the
present invention.

[0046] Fig. 2 is a diagram showing jitter characteris-
tics in relation to change in power and pulse width.
[0047] Fig. 3 is a block diagram showing an optical
information recording medium and the overall construc-
tion of an optical information recording apparatus ac-
cording to an embodiment of the present invention.
[0048] Fig. 4 is a flowchart showing a procedure that
is executed by a drive according to the embodiment.
[0049] Fig. 5 is a flowchart showing details of a step
of determining a reference threshold, shown in Fig. 4.
[0050] Fig. 6 is a schematic diagram showing an ex-
ample relating to the flow shown in Fig. 5.

[0051] Fig. 7 is a schematic diagram showing an ex-
ample relating to the flow shown in Fig. 5.

[0052] Figs. 8A and 8B are schematic diagrams
showing examples where valley patterns are obtained
as results of testing recording characteristics in step S20
shown in Fig. 4.

[0053] Figs. 9A and 9B are schematic diagrams
showing examples where right-decreasing patterns are
obtained as results of testing recording characteristics
in step S20 shown in Fig. 4.

[0054] Figs. 10A and 10B are schematic diagrams
showing examples where right-increasing patterns are
obtained as results of testing recording characteristics
in step S20 shown in Fig. 4.

[0055] Fig. 11 is a schematic diagram showing an ex-
ample of determining a test region in step S22 shown in
Fig. 4 when a valley pattern is obtained in step S20.
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[0056] Fig. 12 is a schematic diagram showing an ex-
ample of determining a test region in step S22 shown in
Fig. 4 when a right-decreasing pattern is obtained in
step S20.

[0057] Fig. 13 is a schematic diagram showing an ex-
ample of determining a test region in step S22 shown in
Fig. 4 when aright-increasing pattern is obtained in step
S20.

[0058] Fig. 14 is a table showing an example where
eight patterns are used in step S20 shown in Fig. 4.
[0059] Fig. 15is a schematic diagram showing an ex-
ample method of obtaining a power range used in step
S22 shown in Fig. 4 by curve approximation.

[0060] Fig. 16 is a schematic diagram showing anoth-
er example method of obtaining a power range used in
step S22 shown in Fig. 4 by curve approximation.
[0061] Fig. 17 is a schematic diagram showing an ex-
ample where a power range used in step S22 shown in
Fig. 4 is determined by sampling.

[0062] Figs. 18A and 18B are schematic diagrams
showing examples of pulse patterns used in test record-
ing in step S24 shown in Fig. 4.

[0063] Fig. 19A and 19B are schematic diagrams
showing examples of other factors to be adjusted, de-
termined in step S26 shown in Fig. 4.

[0064] Fig. 20A and 20B are schematic diagrams
showing examples of other factors to be adjusted, de-
termined in step S26 shown in Fig. 4.

[0065] Fig. 21 is a schematic diagram showing an ex-
ample where a test region extends up to a point where
the threshold is exceeded.

[0066] Fig. 22 is a schematic diagram showing an ex-
ample where a test region extends up to a point where
a pole of power range is obtained in addition to the pro-
cedure of the example shown in Fig. 21.

[0067] Fig. 23 is a schematic diagram showing an ex-
ample where a range between two points in the vicinity
of the threshold is used as a power range.

[0068] Fig. 24 is a schematic diagram showing an ex-
ample where power value is changed by a smaller step
size over the power range.

[0069] Fig. 25 is a schematic diagram showing an ex-
ample where a test region extends up to a point where
a pole of power range is obtained in addition to the pro-
cedure of the example shown in Fig. 24.

[0070] Fig. 26 is a schematic diagram showing an ex-
ample where pulse width is changed up to a point where
the threshold is exceeded and the range of change is
used as a test region.

[0071] Fig. 27 is a schematic diagram showing an ex-
ample where a test region extends up to a point where
a pole of pulse range is obtained in addition to the pro-
cedure of the example shown in Fig. 26.

[0072] Fig. 28 is a schematic diagram showing an ex-
ample where pulse width is changed by a smaller step
size over the pulse range.

[0073] Fig. 29 is a schematic diagram showing an ex-
ample where a test region extends up to a point where
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a pole of minimum jitter is obtained in addition to the
procedure of the example shown in Fig. 21.

[0074] Fig. 30 is a schematic diagram showing an ex-
ample where a test region extends up to a point where
a pole of minimum jitter is obtained in addition to the
procedure of the example shown in Fig. 26.

[0075] Fig. 31 a schematic diagram showing a meth-
od for determining a test condition based on ID informa-
tion stored on a medium.

[0076] Fig. 32 is a schematic diagram showing play-
back characteristics obtained by a method according to
a related art, shown in Fig. 31.

[0077] Fig. 33 is a schematic diagram showing fea-
tures of a method according to a related art.

[0078] Fig. 34 is a schematic diagram showing fea-
tures of methods according to related arts.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0079] Features of test recording, which constitute
main features of the present invention, will be described
followed by overview and detail of preferred embodi-
ments of the present invention.

[0080] Fig. 1is aschematic diagram showing features
of test recording according to an embodiment of the
present invention. As shown in Fig. 1, according to this
embodiment, test recording is carried out while chang-
ing power and pulse width of recording pulse 10 in a
stepwise manner. A region of test conditions used in test
recording (hereinafter referred to as a "test region"),
when represented by a matrix image of power x pulse
width, for example, is a region 100 concentrated at a
part of the matrix as shown in Fig. 1.

[0081] The reason for concentrating test conditions at
a partis that optimal conditions can be found by a small-
er number of times of test recording where the probabil-
ity of existence of suitable recording conditions is high.
[0082] Fig. 2 is a diagram showing jitter characteris-
tics in relation to change in power and pulse width. As
shown in Fig. 2, pulse width, which is a recording con-
dition, is changed as a, b, c, d, and e, and power is
changed continuously in a range of P1 to P3 for each of
the pulse widths a, b, ¢, d, and e, whereby jitter charac-
teristics 102a to 102e represent different characteristic
curves for the respective pulse widths are obtained.
[0083] With regard to minimum values of the respec-
tive jitter characteristics 102a to 102e, i.e., the poles of
the characteristic curves, in this example, the jitter char-
acteristics 102c obtained by changing power with the
pulse width has lowest jitter value, so that it is under-
stood that this value is most desirable among the jitter
characteristics 102a to 102e.

[0084] Thus, in the example shown in Fig.,2, power
P2 and pulse width ¢, with which jitter is minimized, are
optimal condition, so that this embodiment is directed to
find these conditions by a minimum number of times of
testing. Thus, in this embodiment, a threshold of jitter is
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set, and a region in which the threshold is not exceeded
is estimated by testing recording characteristics prior to
testrecording, aregion with a high probability is selected
as a test region, and the test region is tested with focus,
so that optimal conditions are found by a small number
of times of testing.

[0085] Fig. 3 is a block diagram showing the overall
construction of a recording system including a medium
and a drive according to an embodiment of the present
invention. As shown in Fig. 3, the recording system in-
cludes a drive 20 according to this embodiment, and a
medium 16 for recording by the drive 20. The medium
16 is an optical information recording medium, for ex-
ample, a dye-based medium such as a CD-R or a
DVD-R, or a phase-change medium such as a CD-RW
or a DVD-RW.

[0086] AsshowninFig. 3,thedrive 20 includes a pick-
up 30 that forms an optical system for irradiating the me-
dium 16 with laser beams, a servo detector 32 for de-
tecting geometric information such as a control position
of the pickup 30, an RF detector 34 for detecting an RF
signal obtained by the pickup 30, an LD controller 36 for
controlling a laser diode provided in the pickup 30, a
memory 38 storing control conditions or the like of the
LD controller 36, a tracking controller 40 for controlling
tracking of the pickup 30 based on the result of detection
by the servo controller 32, and a focus controller 42 for
controlling focusing of the pickup 30.

[0087] The components of the drive 20 are described
in patent documents mentioned earlier and are well
known to those skilled in the art, so that detailed descrip-
tions thereof will be omitted herein.

[0088] Among the components, the LD controller 36
and the memory 38 particularly relate to test recording,
which constitutes a main feature of this embodiment.
The LD controller 36 outputs a parameter for a laser
beam for irradiating the medium 16 therewith, i.e., re-
cording pulse 10 shown in Fig. 1, to the pickup 30, there-
by controlling recording condition. The memory 38
stores a pulse pattern of the recording pulse 10 and oth-
er conditions.

[0089] Fig. 4 is a flowchart showing a procedure that
is executed by the drive 20 according to this embodi-
ment. As shown in Fig. 4, the drive 20 executes steps
S10 to S14 to make initial setting of the drive 20. Then,
the drive 20 executes steps S16 to S22 to determine a
condition for test recording. Then, the drive 20 executes
step S24 to execute test recording by the condition de-
termined. Then, the drive 20 executes step S26 to de-
termine a condition for actual recording based on the
result of the test recording. Then, the drive 20 executes
step S28 to record information on the medium 16 by the
condition determined. Now, these steps will be de-
scribed in more detail.

Determining Reference Condition

[0090] In step S10 shown in Fig. 4, test recording is
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carried out while changing recording speed using a
standard medium, thereby obtaining one pulse width
and three power values as reference conditions. Pref-
erably, the three power values are a power value with
which jitter is minimized as a result of the test recording
and two power values above and below of that power
value. Preferably, the two power values are values in
the vicinity of a threshold that serves as a reference for
determining a result of jitter test. These reference con-
ditions are used for later testing of recording character-
istics.

Determining Reference Threshold

[0091] As described earlier, it is supposed in this em-
bodiment that a region where a jitter threshold is not ex-
ceeded is set as a most probable test region, so that the
jitter threshold that serves as a reference must be de-
termined. The threshold may be a standard value deter-
mined in advance in accordance with the type of the
drive or medium. However, the threshold representing
a minimum line of an allowable region of jitter varies de-
pending on the status of the pickup 30 or other compo-
nents shown in Fig. 3, and also varies depending on the
recording speed for the medium.

[0092] Thus, preferably, the threshold is also deter-
mined on the basis of a combination of a drive and a
medium that are actually used so that a more appropri-
ate reference will be used and a more appropriate test
region will be set.

[0093] Itisto be noted, however, that setting a thresh-
old on the basis of a combination of a drive and a me-
dium causes an increase in the number of recording
steps. Thus, alternatively, a threshold that is suitable for
an individual drive may be stored in the memory 38 at
the time of manufacturing, assuming that variation
among individual drives is a main factor of variation in
the threshold.

[0094] Fig. 5is a flowchart showing details of the step
of determining a reference threshold, shown in Fig. 4.
As shown in Fig. 5, to determine a reference threshold,
recording and playback are carried out based on a pre-
determined recording condition, a reference value for
the system is determined based on the result, and a val-
ue obtained by setting a predetermined margin to the
reference value is used as a threshold for determining
atestregion. Now, these steps will be described in order.
[0095] Instep S50, arecording conditionis set. In step
S50, a predetermined number of patterns of conditions
needed for recording and playback, such as pulse width,
power, recording and playback speed, and recording
address, are prepared, and the recording conditions are
set to the drive 20. Then, a reference medium is loaded
in the drive 20. Preferably, a medium having standard
characteristics among various media is chosen as the
reference medium.

[0096] In step S52, recording and playback are car-
ried out using the reference medium loaded, based on
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the recording conditions set in step S50, thereby obtain-
ing recording and playback characteristic values by the
respective recording conditions, such as jitter. As the
characteristic value, a value representing recording
quality is obtained.

[0097] In step S54, an optimal value, for example, a
minimum value of jitter, is selected as a system refer-
ence value from the recording and playback character-
istic values obtained in step S52. Thus, ajitter value that
is presumably approximate to the optimal value for the
drive 20 is set as a reference value. The reference value
need not be an optimal point of jitter, and may be an
intermediate point of two points crossing a predeter-
mined threshold, i.e., an intermediate value of power
margin.

[0098] In step S56, the system reference value deter-
mined in step S54 is multiplied by a predetermined co-
efficient o (preferably, a > 1) to calculate a threshold.
Thus, a predetermined margin is provided with respect
to the system reference value. That is, the threshold is
calculated by multiplying the system reference value by
o, where o is preferably about 1.5. The coefficient o is
set suitably in accordance with the type of the drive or
medium used. The coefficient oo may be set in a range
of 0.8 to 1.2 so that the threshold will be close to the
system reference value, or in a range of 2.0 to 3.0 so
that the threshold will be larger.

[0099] Fig. 6 is a schematic diagram showing an ex-
ample relating to the flow shown in Fig. 5. In the example
shown in Fig. 6, a jitter value is used as a characteristic
value representing recording quality, and the value of
power is changed from P1 to P6 for each of pulse widths
W1 to W4, thereby obtaining playback characteristics
102-1to 102-4. In the example shown in Fig. 6, the pulse
widths W1 to W4 and the power values P1 to P6 are
used as recording conditions. The pole of the playback
characteristics 102-3 with which jitter value is minimized
is used as a system reference value, and a value ob-
tained by multiplying the system reference value by, for
example, 1.5 is used as a threshold. The arrows in the
matrix image shown in Fig. 6 indicate directions of
changing test conditions. This also applies to the sub-
sequent figures.

[0100] Fig. 7 is a schematic diagram showing an ex-
ample relating to the flow shown in Fig. 5. In the example
shown in Fig. 7, a jitter value is used as a characteristic
value representing recording quality, and the range of
changing power value is varied among the pulse widths
W1 to W4, thereby obtaining playback characteristics
102-1 to 102-4. In the example shown in Fig. 7, the pole
of the playback characteristics 102-2 with which the jitter
value is minimized is used as a system reference value,
and a value obtained by multiplying the system refer-
ence value by, for example, 1.5 is used as a threshold.
As described above, a threshold may be determined us-
ing different power conditions for respective pulse
widths.
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Initial Setting of Recording Apparatus

[0101] In step S14, the reference condition and the
reference threshold obtained in steps S10 and S12
shown in Fig. 4 are stored in the memory 38 of the drive
20. Preferably, step S14 is executed at the time of man-
ufacturing of the drive 20.

Loading of Recording Medium

[0102] Then, instep S16, the medium 16 for recording
information thereon is loaded in the drive 20 in which
initial setting has been completed in step S14.

Recording and Playback by Reference Condition

[0103] Then, in step S18, recording is carried out on
the medium 16 loaded in step S16, by the conditions set
in step S14. More specifically, jitter values at three points
are obtained by carrying out recording and playback
three times using the single pulse width and three power
values defined as reference conditions. The recording
characteristics in relation to combinations of the drive
20 and the medium 16 can be understood by plotting
the jitter values at the three points along a power axis.

Testing of Recording Characteristics

[0104] Figs. 8A and 8B are schematic diagrams
showing examples where valley patterns are obtained
as results of testing recording characteristics in step S20
shown in Fig. 4. As shown in Figs. 8A and 8B, recording
characteristics are tested using the jitter values and
threshold for the respective reference conditions ob-
tained in the preceding steps. In the examples shown in
Figs. 8A and 8B, power values P1, P2, and P3 are used
as reference conditions, and a virtual line connecting jit-
ter values obtained in relation to the respective power
values forms a valley pattern. When such a valley pat-
ternis obtained, itis indicated that the reference medium
used in step S10 and the recording medium loaded in
step S16 have substantially the same sensitivity and
similar recording characteristics.

[0105] Fig. 8A shows an example where the minimum
value of the valley pattern is not larger than the thresh-
old, and Fig. 8B shows an example where the minimum
value of the valley pattern is not smaller than the thresh-
old. In either case, it is presumed that the reference me-
dium and the recording medium have substantially the
same sensitivity. When the reference medium and the
recording medium have substantially the same sensitiv-
ity, a condition used for test recording is set as a surface
area defined by power x pulse width around the refer-
ence condition, as described later.

[0106] In Figs. 8A and 8B, the difference between a
playback value and a playback reference value obtained
at each of the recording points P1, P2, and P3, i.e., the
difference between the jitter value and the jitter thresh-
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old in the examples shown in Figs. 8A and 8B, differs.
More specifically, the playback value is closer to the
playback reference value in Fig. 8A than in Fig. 8B.
[0107] Thisindicates thatitis easier to find an optimal
condition in the example shown in Fig. 8A than in the
example shown in Fig. 8B. Thus, testing may be carried
out smaller number of times in the example shown in
Fig. 8A than in the example shown in Fig. 8B, finding an
optimal solution by a smaller number times of testing.
[0108] Thatis, when the difference between the play-
back value and the playback reference value is small,
the optimal condition becomes closer to the reference
condition. On the other hand, when the difference be-
tween the playback value and the playback reference
value is large, the optimal condition becomes more re-
mote from the reference condition. Thus, when it is de-
sired to decrease the number of times of testing, the
number of times of testing is preferably changed in ac-
cordance with the difference between the playback val-
ue and the reference playback value.

[0109] Figs. 9A and 9B are schematic diagrams
showing examples where right-decreasing patterns are
obtained as results of testing recording characteristics
in step S20 shown in Fig. 4. In the examples shown in
Figs. 9A and 9B, right-decreasing patterns are obtained,
in which the jitter value decreases as the power value
increases as P1, P2, and P3. When such a right-de-
creasing pattern is obtained, it is indicated that the sen-
sitivity of the recording medium is lower than the sensi-
tivity of the reference medium.

[0110] Fig. 9A shows an example where the minimum
value of the right-decreasing pattern is not larger than
the threshold, and Fig. 9B shows an example where the
minimum value of the right-decreasing pattern is not
smaller than the threshold. In either case, it is presumed
that the sensitivity of the recording medium is lower than
the sensitivity of the reference medium. When the sen-
sitivity of the recording medium is lower, a test region
defined by a surface area of power x pulse width around
the reference condition is shifted to the side of high pow-
er and wide pulse width for test recording, as will be de-
scribed later.

[0111] Furthermore, when such a right-decreasing
pattern shown in Figs. 9A and 9B is obtained, the mini-
mum value of jitter presumably exists on the side of high
power, so that additional writing may be performed at a
power higher than P3 to check recording characteristics
again. In this case, although the number of times of re-
cording increases by one, the precision of testing of re-
cording characteristics is improved. When such a pat-
tern is obtained, similarly to the case where a valley pat-
tern is obtained, the number of times of testing may be
changed in accordance with the difference between
playback value and playback reference value.

[0112] Furthermore, when such a right-decreasing
pattern shown in Figs. 9A and 9B is obtained, presum-
ably, the optimal solution becomes more remote from
the reference condition than in the valley patterns shown



15 EP 1 551 010 A2 16

in Figs. 8A and 8B, so that the number of times of testing
is preferably being increased than in the case of the val-
ley patterns.

[0113] Figs. 10A and 10B are schematic diagrams
showing examples where right-increasing patterns are
obtained as results of testing recording characteristics
in step S20 shown in Fig. 4. In the examples shown in
Figs. 10A and 10B, right-increasing patterns are formed
in which the jitter value increases as the power value
increases as P1, P2, and P3. When such right-increas-
ing patterns are obtained, it is indicated that the sensi-
tivity of the recording medium is higher than the sensi-
tivity of the reference medium.

[0114] Fig. 10A shows an example where the mini-
mum value of the right-increasing pattern is not larger
than the threshold, and Fig. 10B shows an example
where the minimum value of the right-increasing pattern
is not smaller than the threshold. In either case, itis pre-
sumed that the sensitivity of the recording medium is
higher than the sensitivity of the reference medium.
When the sensitivity of the recording medium is higher,
a test region defined by a surface area of power x pulse
width around the reference condition is shifted to the
side of low power and narrow pulse width for test record-
ing, as will be described later.

[0115] Furthermore, when such right-increasing pat-
terns shown in Figs. 10A and 10B are obtained, the min-
imum value of jitter presumably exists on the side of low
power, so that additional writing may be performed at a
power lower than P1 to check recording characteristics
again. In this case, although the number of times of re-
cording is increased by one, the precision of testing of
recording characteristics is improved. When such pat-
terns are obtained, similarly to the case where the valley
patterns are obtained, the number of times of testing
may be changed in accordance with the difference be-
tween playback value and playback reference value.
[0116] Furthermore, when such right-increasing pat-
terns shownin Figs. 10A and 10B are obtained, presum-
ably, the optimal solution becomes more remote from
the reference condition than in the valley patterns shown
in Figs. 8A and 8B. Thus, preferably, the number of
times of testing is increased compared with the case of
the valley patterns.

Determining Test Region

[0117] Fig. 11 is a schematic diagram showing an ex-
ample where a test region is determined in step S22 in
a case where a valley pattern is obtained in step S20
shown in Fig. 4. As shown in Fig. 11, when a valley pat-
tern is obtained, the power value for test recording is
changed in a power range defined by cross points be-
tween the threshold and an approximated curve 106
drawn by jitter values obtained for P1, P2, and P3, re-
spectively. In this embodiment, a "power range" is de-
fined as a range of power that is actually used in test
recording, and a "power margin" is defined as a range
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of power with which jitter does not exceed a threshold.
[0118] The approximated curve 106 differs depending
on pulse width. Thus, letting a pulse width used as a
reference condition be denoted as W4, recording is car-
ried out at power values P1, P2, and P3 for each of the
pulse widths W1 to W6 centered around W4, checking
cross points between the threshold and approximated
curves 106 thereby obtained. Thus, as represented in
the matrix image shown in Fig. 11, a power range where
jitter does not exceed the threshold is obtained for each
of the pulse widths, and a hatched region shown in Fig.
11 is used as a test region. The three power conditions
P1, P2, and P3 and the pulse width W4 used as refer-
ence condition correspond to 108-1, 108-2, and 108-3
in the matrix image shown in Fig. 11. The test region is
set as a surface region defined by power x pulse width
around the reference condition.

[0119] By obtaining a power range for each pulse
width as described above, a region where jitter does not
exceed the threshold can be tested in a concentrated
manner, so that a suitable condition can be found by a
smaller number of times of testing.

[0120] The number of times of testing can also be re-
duced by setting a larger step size of changing power
value when the power margin is large and setting a
smaller step size of changing power value when the
power margin is small. For example, when the power
margin is 10 mW, it is presumed that rough testing suf-
fices to obtain an optimal value, so that testing is carried
out five times with a step size of 2 mW, and when the
power margin is 1 mW, it is presumed that more precise
testing is needed, so that testing is carried out ten times
with a step size of 0.1 mW.

[0121] Fig. 12 is a schematic diagram showing an ex-
ample where a test region is determined in step S22
when a right-decreasing pattern is obtained in step S20
shown in Fig. 4. When a right-decreasing pattern is ob-
tained, it is presumed that the optimal parameter exists
on the side of high power, as shown in Fig. 12. Thus,
additional recording is carried out at a power value P+
that is higher than P3, and a range defined by cross
points between the threshold and an approximated
curve 106 drawn by jitter values obtained for P1, P2, P3,
and P+, respectively, is used as a power range. This
processing is carried out for each of the pulse widths
W1 to W6, obtaining a test region represented in the ma-
trix image shown in Fig. 12.

[0122] The test region determined by the procedure
described above is shifted to the side of high power com-
pared with the surface region defined by power x pulse
width and centered around the reference conditions
108-1, 108-2, and 108-3. Although W1 to W6 used for
the valley pattern are used in this example, since a right-
decreasing pattern indicates a lower sensitivity, W1 to
W6 may be shifted to the side of wide pulse width in
determining a power range.

[0123] Fig. 13 is a schematic diagram showing an ex-
ample where a test region is determined in step S22
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when a right-increasing pattern is obtained in step S20
shown in Fig. 4. When a right-increasing pattern is ob-
tained, it is presumed that the optimal parameter exists
on the side of low power, as shown in Fig. 13. Thus,
additional recording is carried out at a power value P+
that is lower than P1, and a power range is defined by
cross points between the threshold and an approximat-
ed curve 106 drawn by jitter values obtained for P+, P1,
P2, and P3, respectively. This processing is carried out
for each of the pulse widths W1 to W6, obtaining a test
region represented in the matrix image shown in Fig. 13.
[0124] The test region determined by the procedure
described above is shifted to the side of low power com-
pared with the surface region defined by power x pulse
width and centered around the reference conditions
108-1, 108-2, and 108-3. Although W1 to W6 used for
the valley pattern are used in this example, since a right-
increasing pattern indicates a high sensitivity, W1 to W6
may be shifted to the side of narrow pulse width in de-
termining a power range.

[0125] That is, according to the method described
above, recording characteristics are tested for each
pulse width, and the number of times of testing is deter-
mined for each pulse width according to results of the
testing. Thus, reduction in the number of times of testing
is expected. The testing of recording characteristics, de-
scribed above, is an example where change in jitter by
recording at the reference condition is patterned. Pref-
erably, the following eight patterns are used.

[0126] Fig. 14 is a diagram showing an example
where eight patterns are used in step S20 shown in Fig.
4. As shown in Fig. 14, a pattern 1 applies when the
maximum value of jitter is not larger than the threshold,
regardless of whether the pattern is a valley, right in-
creasing, or right decreasing. When this pattern is ob-
tained, itis presumed that the sensitivity of the recording
medium is substantially the same as the sensitivity of
the reference medium and that a large margin where the
jitter value does not exceed the threshold is provided,
so that the power condition is extended on both low pow-
er side and high power side. That is, with the pattern 1,
since values in the vicinity of the threshold are not ob-
tained, additional recording is carried out both on the
low power side and the high power side.

[0127] Then, jitter characteristics obtained by the ad-
ditional recording are approximated by a curve, and the
difference between larger and smaller two values at
which the curve crosses the jitter threshold is used as a
reference value of power range.

[0128] Furthermore, when this pattern is obtained, a
pulse width region of the reference value £+ 0.2T is de-
termined as a test region. In test recording, an optimal
recording condition is determined by changing the pulse
width by a step size of 0.2T. T denotes the length of a
unit time of a recording pit.

[0129] Now, let the reference pulse width be a pulse
condition 1, and the extended two points be pulse con-
ditions 2 and 3, the pulse conditions 2 and 3 for the pat-
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tern 1 are pulse widths extended by +0.2T. In accord-
ance with the change in the pulse width condition, the
power range used as a test condition is also changed.
[0130] More specifically, when the pulse width is
changed by 0.1T, the power range for the pulse width is
defined as the reference value of power range x (1-0.05
x 1) mW. When the pulse width is changed by 0.2T, the
power range for the pulse width is defined as the refer-
ence value of power range x (1 - 0.05 x 2) mW. When
the pulse width is changed by -0.1T, the power range for
the pulse width is defined as the reference value of pow-
errange x (1 -0.05 x (-1)) mW.

[0131] Thus, the following three sets of test conditions
are used for the pattern 1.

(1) Reference value of pulse width, and reference
value of power range

(2) Reference value of pulse width - 0.2T, and ref-
erence value of power range x (1 - 0.05 x (-2)) mW
(3) Reference value of pulse width + 0.2T, and ref-
erence value of power range x (1 - 0.05 x (+2)) mW

[0132] Inthis embodiment, the reference condition (1)
need not be used in actual test recording.

[0133] A pattern 2 applies when a valley pattern is ob-
tained and the minimum value of jitter is not larger than
the threshold. When this pattern is obtained, it is deter-
mined that the sensitivity of the medium on which data
is to be recorded and the sensitivity of the reference me-
dium are substantially the same, so that reference value
+ 0.1T is selected as a pulse width condition. Then, a
power range is set for each of these pulse conditions by
the same procedure used for the pattern 1. Thus, test
conditions that are used when the pattern 2 applies are
the following three sets.

(1) Reference value of pulse width, and reference
value of power range

(2) Reference value of pulse width - 0.1T, reference
value of power range x (1 - 0.05 x (-1)) mW

(3) Reference value of pulse width + 0.1T, reference
value of power range x (1 - 0.05 x (+1)) mW

[0134] A pattern 3 applies when a valley pattern is ob-
tained and the minimum value of jitter is larger than the
threshold. When this pattern is obtained, itis determined
that the sensitivity of the medium on which data is to be
recorded is substantially the same as the sensitivity of
the reference media, and that difference in the charac-
teristics of medium is large, so that reference value
0.2T is selected as a pulse width condition. Then, a pow-
er range is set for each of these pulse conditions by the
same procedure used for the pattern 1. Thus, test con-
ditions that are used when the pattern 3 applies are the
following three sets.

(1) Reference value of pulse width, and reference
value of power range
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(2) Reference value of pulse width - 0.2T, and ref-
erence value of power range x (1 - 0.05 x (-2)) mW
(3) Reference value of pulse width + 0.2T, and ref-
erence value of power range x (1 - 0.05 x (+2)) mW

[0135] A pattern 4 applies when a right-decreasing
pattern is obtained and the minimum value of jitter is not
larger than the threshold. When this pattern is obtained,
it is determined that the sensitivity of the medium on
which data is to be recorded is somewhat lower than the
sensitivity of the reference medium, so that three points
corresponding to the reference value, +0.1T, and +0.2T
are selected as pulse width conditions. Then, a power
range is set for each of these pulse conditions by the
same procedure used for the pattern 1. Thus, test con-
ditions that are used when the pattern 4 applies are the
following three sets.

(1) Reference value of pulse width, and reference
value of power range

(2) Reference value of pulse width + 0.1T, and ref-
erence value of power range x (1 - 0.05 x (+1)) mW
(3) Reference value of pulse width + 0.2T, and ref-
erence value of power range x (1 - 0.05 x (+2)) mW

[0136] A pattern 5 applies when a right-decreasing
pattern is obtained and the minimum value of jitter is
larger than the threshold. When this pattern is obtained,
it is determined that the sensitivity of the medium on
which data is to be recorded is considerably lower than
the sensitivity of the reference medium, so that three
points corresponding to the reference value, +0.2T, and
+0.4T are selected as pulse width conditions. Then, a
power range is set for each of these pulse conditions by
the same procedure used for the pattern 1. Thus, test
conditions that are used when the pattern 5 applies are
the following three sets.

(1) Reference value of pulse width, and reference
value of power range

(2) Reference value of pulse width + 0.2T, and ref-
erence value of power range x (1 - 0.05 x (+2)) mW
(3) Reference value of pulse width + 0.4T, and ref-
erence value of power range x (1 - 0.05 x (+4)) mW

[0137] A pattern 6 applies when a right-increasing
pattern is obtained and the minimum value of jitter is not
larger than the threshold. When this pattern is obtained,
it is determined that the sensitivity of the medium on
which data is to be recorded is somewhat higher than
the sensitivity of the reference medium, so that three
points corresponding to the reference value, -0.1T, and
-0.2T are selected as pulse width conditions. Then, a
power range is set for each of these pulse conditions by
the same procedure use for the pattern 1. Thus, test
conditions that are used when the pattern 6 applies are
the following three sets.
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(1) Reference value of pulse width, and reference
value of power range

(2) Reference value of pulse width - 0.1T, and ref-
erence value of power range x (1 - 0.05 x (-1)) mW
(3) Reference value of pulse width - 0.2T, and ref-
erence value of power range x (1 - 0.05 x (-2)) mW

[0138] A pattern 7 applies when a right-increasing
pattern is obtained and the minimum value of jitter is
larger than the threshold. When this pattern is obtained,
it is determined that the sensitivity of the medium on
which data is to be recorded is considerably higher than
the sensitivity of the reference medium, so that three
points corresponding to the reference value, -0.2T, and
-0.4T are selected as pulse width conditions. Then, a
power range is set for each of these pulse width condi-
tions by the same procedure used for the pattern 1.
Thus, test conditions that are used when the pattern 7
applies are the following three sets.

(1) Reference value of pulse width, and reference
value of power range

(2) Reference value of pulse width - 0.2T, and ref-
erence value of power range x (1 - 0.05 x (-2)) mW
(3) Reference value of pulse width - 0.4T, and ref-
erence value of power range x (1 - 0.05 x (-4)) mW

[0139] A pattern 8 applies when a mountain pattern is
obtained and the maximum value of jitter is larger than
the threshold. When this pattern is obtained, it is deter-
mined that the pattern is abnormal, so that the reference
value = 0.2T are selected as pulse width conditions.
Then, a power range is set for each of these pulse width
conditions by the same procedure used for the pattern
1. Thus, test conditions that are used when the pattern
8 applies are the following three sets.

(1) Reference value of pulse width, and reference
value of power range

(2) Reference value of pulse width - 0.2T, and ref-
erence value of power range x (1 - 0.05 x (-2)) mW
(3) Reference value of pulse width + 0.2T, and ref-
erence value of power range x (1 - 0.05 x (+2)) mW

[0140] Of the eight patterns described above, when
patterns other than the pattern 2, which is most approx-
imate to the characteristics of the reference medium, are
detected, in order to confirm that the pattern detected is
notdue to anincorrect playback operation, the recording
result that has caused the pattern may be played back
again to detect jitter. In this case, when characteristics
other than the pattern 2 are detected, recording condi-
tions are added or extended according to the conditions
shown in Fig. 14.

[0141] When the pattern 8 is detected by the confir-
mation of an incorrect playback operation, it is possible
that an incorrect recording operation has occurred.
Thus, recording is performed again at the reference val-
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ue of pulse width before performing additional recording
and extending pulse width. When the pattern 8 is again
obtained by the recording, additional recording, i.e., ex-
tending power to measure a margin for the pulse condi-
tion 1, is not carried out, and pulse conditions 2 and 3
are extended. The power value is extended in accord-
ance with the extension of the pulse conditions 2 and 3
by the method described earlier.

[0142] That s, in the case of the pattern 8, a margin
is not provided with the pulse condition 1 and a power
range that serves as a reference for extension is not ob-
tained, so that an initial power condition range is set as
a reference power range.

Determining Test Region: Determining Power Range by
Approximation

[0143] By executing the procedure described above,
a test region that is effective for obtaining an optimal so-
lution by a small number of times of testing is deter-
mined. Now, a method of determining a power range,
which is important in determining a test region, will be
described.

[0144] Inthis embodiment, in order to improve the ac-
curacy of finding an optimal solution by a minimum
number of times of testing, test conditions are concen-
trated to a region where the jitter value does not exceed
the threshold, as described earlier. According to this
scheme, a power range that is used in test recording is
calculated from power values at larger and smaller two
points defining a margin with respect to the threshold.
The margin with respect to the threshold refers to a re-
gion where characteristic values not exceeding the
threshold are obtained. The power values at larger and
smaller points refer to a value on the low power side and
a value on the high power side defining the width of the
margin.

[0145] Considering the reduction in test recording
time of various media, and the efficiency of test region
of a medium having restriction on a test recording re-
gion, such as a write once medium, the number of re-
cording points needed for test recording should prefer-
ably be minimized. However, since the power range to
be obtained is an important parameter that serves as a
criterion for determining an optimal recording condition,
a high precision is desired.

[0146] A precise power range means concentrated
testing of a selected region, so that the number of times
of testing is reduced. For example, when test recording
is performed at a frequency of once per 0.1 mW, test
recording is performed ten times when the power range
is 1 mW, and test recording is performed twenty times
when the power range is 2 mW. Thus, narrowing the
power range contributes to reduction in the number of
times of testing.

[0147] Thus, in this embodiment, considering that the
recording quality of recording and playback signals
changes like a quadratic curve with a pole at an optimal
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point with respect to recording power, a characteristic
curve is approximated using several recording points to
determine an amount of margin. By using such an ap-
proximation method, itis possible to readily and precise-
ly determine a power range based on several recording
points, serving to reduce the number of times of testing.
[0148] Fig. 15 is a schematic diagram for explaining
a method of obtaining a power range used in step S22
shown in Fig. 4 by curve approximation. As shown in
Fig. 15, to carry out approximation, first, two points a
and c on the low power side and the high power side,
respectively, at which the jitter value that serves as a
criterion for determining recording characteristics is in
the vicinity of the threshold, and a point b between the
points a and c, at which the jitter value is smaller than
the threshold or the values at the points a and c, are
selected. That is, the points a, b, and ¢ have the follow-
ing relationship.

a>b, c>Db, threshold>b
[0149] Asshownin Fig. 15, the vicinity of the threshold
is defined as a range between an upper limit and a lower
limit having a certain width with respect to the threshold.
Preferably, the upper limit is set to be 40% of the thresh-
old, and the lower limit is set to be 5% of the threshold.
Then, the values of a, b, and ¢ are approximated by a
quadratic function, and a power range is defined by the
difference between larger and smaller two points where
the quadratic curve crosses the threshold. The range
that is defined as the vicinity of the threshold may be
changed suitably in consideration of the interval of re-
cording points, for example, to -5% to +40% or -10% to
30%.
[0150] Fig. 16 is a schematic diagram showing anoth-
er example where a power range used in step S22
shown in Fig. 4 is obtained by a curve approximation.
As shown in Fig. 16, when a relationship satisfying a >
b, ¢ > b, and threshold > b is not obtained with the three
conditions A, B, and C alone, preferably, a condition D
on the high power side is added to obtain a value in the
vicinity of the threshold.
[0151] Furthermore, as shown in Fig. 16, when a re-
lationship of B > C exists, preferably, an approximate
equation is calculated with three points A, C, and D with-
out using B.
[0152] The relationship between the three recording
points and the threshold in this case is A> C, D > C,
and threshold > C, which is suitable for drawing an ap-
proximated curve, so that a precise approximated curve
is obtained by three-point approximation. The additional
recording condition indicated at D is determined by A >
B, B > C, and the threshold indicated by recording points
before addition.
[0153] On the contrary to Fig. 15, when a value in the
vicinity of the threshold is absent on the low power side,
additional recording is performed at a power condition
lower than A. Depending on the relationship between
the recording points and the threshold, one or more re-
cording conditions may be added.
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[0154] Furthermore, the range of power used as ad-
ditional recording conditions may be changed based on
a predetermined power step size, or power conditions
may be set based on relationship between power vari-
ation and jitter variation obtained in advance.

[0155] When recording points sufficient to obtain a
power range are not obtained even after adding record-
ing conditions as described above, recording points are
changed by again adding recording conditions by the
same procedure described above.

[0156] Furthermore, in acase where testrecordingre-
gion is restricted, such as in the case of a write-once
medium, in order to avoid using an enormous testing
time, an upper limit may be set to the number of times
recording conditions are added. Furthermore, an upper
limit of power for additional recording may be set so that
recording power will not exceed a laser output value by
adding recording conditions.

[0157] Furthermore, although a power range is deter-
mined by three-point approximation in the example de-
scribed above, alternatively, a power range may be de-
termined by based on the difference between power val-
ues at larger and smaller two points that are most ap-
proximate to the threshold.

[0158] Alternatively, two points in the vicinity of the
threshold may be selected by performing recording
while changing power until larger and smaller two points
across the threshold are found, and two points that are
most approximate to the threshold may be selected, or
the two points themselves may be selected. The meth-
ods will be described in more detail.

Determining Test Region: Determining Power Range by
Sampling

[0159] Fig. 17 is a schematic diagram showing an ex-
ample where a power range used in step S22 shown in
Fig. 4 is determined by sampling. In the example shown
in Fig. 17, instead of the three-point approximation de-
scribed earlier, power is gradually changed until values
approximate to the threshold is obtained, a power range
is determined based on power values at larger and
smaller two points in the vicinity of the threshold.
[0160] More specifically, as shown in Fig. 17, record-
ing power is increased sequentially as P1, P2, P3, ... to
carry out recording and playback until a power value P6
at which a value not smaller than the threshold is ob-
tained. As shown in a matrix image in Fig. 17, power is
changed over P1 to P6, and a power range is defined
between P2 on the low power side and P6 on the high
power side that are most approximate to the threshold.
As described above, a power range can be determined
by selecting two points across the threshold.

[0161] A method for selecting large and smaller points
in the vicinity of the threshold can be selected as appro-
priate from the following.

1) Select larger and smaller two points defining a
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power margin. That is, select two points that are
most approximate to a playback reference value
within a power range satisfying the playback refer-
ence value.

2) Select two points that are most approximate to a
playback reference value although somewhat out-
side of a power margin.

3) Select larger and smaller two points across a
playback reference value on the low power side.
4) Select larger and smaller two points across a
playback reference value on the high power side.
5) Select two points that are most approximate to a
playback reference value and that are located
across the playback reference value on the low
power side and the high power side.

[0162] It is also possible to approximate recording
characteristics using two points selected by one of the
above methods, determining two points at which the re-
cording characteristics cross the playback reference
value.

Test Recording

[0163] Figs. 18A and 18B are schematic diagrams
showing examples of pulse pattern used in test record-
ing in step S24 shown in Fig. 4. Fig. 18A shows an ex-
ample where a single-pulse pattern is used. Fig. 18B
shows an example where a multiple-pulse pattern is
used. As shown in Figs. 18A and 18B, a single-pulse
pattern 10-1 and a multiple-pulse pattern 10-2 each in-
clude a leading pulse 12 at the beginning of the pattern
and a trailing pulse 14 at the end of the pattern. The
amount of energy of the entire recording pulse is defined
by the height of main power PW, and the amount of en-
ergy at the first stage applied to an edge of a recording
pit is defined by the length of the leading pulse width
Ttop. PWD indicated by a dotted line is a region used
for delicate control of the amount of energy, which will
be described later.

[0164] Preferably, the main power PW has a highest
value in the recording pulse 10-1 and 10-2. The leading
pulse width Ttop has a width corresponding to a record-
ing pit having a length of 3T. Since recording pulses hav-
ing this width have the highest frequency of occurrence
and has much effect on recording quality, preferably, the
leading pulse width Ttop is changed in test recording.
[0165] As shown in Figs. 18A and 18B, in either case
where the single-pulse pattern or the multiple-pulse pat-
tern is used, the value of test power determined by the
preceding steps is used as the main power PW, and the
width of the test pulse is used as the leading pulse width
Ttop.

[0166] As described above, test recording is carried
out on the medium loaded in step S16 shown in Fig. 4
while changing the main power PW and the leading
pulse width Ttop in a stepwise manner, and playback is
carried out based on recording pits formed by the test
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recording, thereby obtaining a jitter value for each test
condition.

[0167] Then, test recording is carried out once more
using a predetermined pattern of pits and lands to ex-
amine other adjustment factors such as mismatch be-
tween recording pulses and recording pits. Then, the se-
ries of test recording operations is finished.

Determining Recording Condition

[0168] Through the test recording described above,
values of the main power PW and the leading pulse
width Ttop with which the jitter value is minimized, and
parameters for adjusting other factors are determined,
and these values are used as a recording condition suit-
able or the combination of the drive and the medium
used.

[0169] Figs. 19A and 19B are schematic diagrams
showing examples of adjustment of other factors deter-
mined in step S26 shown in Fig. 4. Fig. 19A shows an
example where a single-pulse pattern is used. Fig. 19B
shows an example where a multiple-pulse pattern is
used.

[0170] AsshowninFig. 19A, in the case of the single-
pulse pattern 10-1, a region of low power that is lower
than the main power PW by PWD is provided between
the leading pulse 12 and the trailing pulse 14 as another
factor to be adjusted. By defining this amount, recording
pits are prevented from forming a teardrop shape. Sim-
ilarly, in the case of the multiple-pulse pattern 10-2, as
shown in Fig. 19B, by defining the width Tmp of an in-
termediate pulse between the leading pulse 12 and the
trailing pulse 14, recording pits are prevented from form-
ing a teardrop shape.

[0171] Figs. 20A and 20B are schematic diagrams
showing examples of other factors to be adjusted, de-
termined in step S26 shown in Fig. 4. Similarly to Figs.
18A and 18B, Fig. 20A shows an example where a sin-
gle-pulse pattern is used, and Fig. 20B shows an exam-
ple where a multiple-pulse pattern is used.

[0172] As shown in Figs. 20A and 20B, in either case
where the single-pulse pattern 10-1 or the multiple-
pulse pattern 10-2 is used, Ttopr for adjusting the start-
ing position of the leading pulse 12, and Tlast for adjust-
ing the ending position of the trailing pulse 14 are set as
other factors to be adjusted. By adjusting these values,
a pulse pattern with which a pit length after recording
has an appropriate value is selected.

[0173] The main power PW, the leading pulse width
Ttop, the low power region PWD, the leading pulse po-
sition Ttopr, and the trailing pulse position Tlast, ob-
tained by the procedure described above, are stored in
the memory 38 shown in Fig. 3. Then, the determination
of recording condition is completed.

Recording of Information

[0174] The LD controller 36 shown in Fig. 3 generates
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recording pulses for information to be recorded, input to
the drive 20 from the outside, based on various record-
ing conditions stored in the memory 38 by the procedure
described above, and outputs the recording pulses to
the pickup 30. Thus, the information is recorded on the
medium 16.

Another Embodiment of Determining Test Region

[0175] Next, another embodiment of determining a
test region, which constitutes a feature of the present
invention, will be described.

[0176] Fig. 21 is a schematic diagram showing an ex-
ample where the test region extends up to a point where
the jitter value exceeds the threshold. In the example
shown in Fig. 21, the power used in test recording is
changed as P1, P2, ... to P6 at which the jitter value ex-
ceeds the threshold. As represented in an image matrix,
the power is discretely changed from P1, P2, ... to P6
for a pulse width, and the power value P4 with which the
jitter value is minimized is used as a recording condition
104. In this case, the power range is defined by P1 to
P6 over which the power is changed, and a range of P2
to P6 that is close to the region where the threshold is
not exceeded serves as a power margin. As described
above, the test region extends up to a point where the
threshold is reached, so that the number of times of test-
ing is reduced compared with a case where testing is
carried out over a constant power range.

[0177] Fig. 22 is a schematic diagram showing an ex-
ample where a test region extends up to a point where
a pole of power range is obtained. In the example shown
in Fig. 22, in addition to the procedure of the example
shown in Fig. 21, pulse width is changed, and the poles
of power range or power margin obtained for the respec-
tive pulse widths are used as recording conditions. In
this example, while sequentially changing pulse width
as W1, W2, ..., power is changed for each of the pulse
widths up to a point where the threshold is reached as
shown in Fig. 21, and this step is repeated until a pulse
width W4 with which power range or power margin is
maximized is identified.

[0178] The pole of power range or power margin can
be identified by examining the amount of change be-
tween values of adjacent sample points. Thus, when the
pulse width W4 is a pole, test recording is carried out up
to W5, which is immediately subsequent to W4. The
power range and power margin differ among the pulse
widths, so that the hatched region that are tested differs
depending on the pulse width.

[0179] When the pulse width W4 is a pole, the pulse
width W4 and a power P3 with which the jitter value is
minimized for the pulse width W4 are used as a record-
ing condition 104. As described above, by changing the
pulse width in addition to the procedure of the example
shown in Fig. 21, the test region can be extended in the
direction of pulse width by a small number of times of
testing.



27

[0180] Fig. 23 is a schematic diagram showing an ex-
ample where a power range is defined by two points in
the vicinity of the threshold. In the example shown in
Fig. 23, the power value is gradually changed until a val-
ue in the vicinity of the threshold is obtained, and a pow-
errange is determined based on larger and smaller pow-
er values at two points in the vicinity of the threshold.
The procedure for this example is the same as that in
the example shown in Fig. 17, so that a description
thereof will be omitted.

[0181] This example differs from the example shown
in Fig. 21 in that instead of testing sampling points be-
tween P2 and P6 alone, after determining a power
range, the power is changed by a smaller step size over
the range to determine a more suitable condition.
[0182] Fig. 24 is a schematic diagram showing an ex-
ample where the power value is changed by a smaller
step size over the power range. As shown in Fig. 24, the
power value is changed by a smaller step size over the
power range P2 to P6, and a power value with which the
jitter value is minimized is used as a recording condition
104. As described above, by examining the power range
by a smaller step size, a value approximate to an optimal
value is obtained. In this example, an optimal point is
found between P3 and P4.

[0183] Fig. 25 is a schematic diagram showing an ex-
ample where a test region extends up to a point where
a pole of power range is obtained in addition to the pro-
cedure of the example shown in Fig. 24. In the example
shown in Fig. 25, the pulse width is changed in addition
to the procedure of the example shown in Fig. 24, and
a pole of power range or power margin obtained for each
pulse width is used as a recording condition. This
scheme is the same as the scheme of applying the pro-
cedure of the example shown in Fig. 21 to the example
shown in Fig. 22, so that a description thereof will be
omitted.

[0184] Fig. 26 is a schematic diagram showing an ex-
ample where the pulse width is changed up to a point
where the jitter value exceeds the threshold, and the
range of changing the pulse width is used as a test re-
gion. In the example shown in Fig. 26, the pulse width
used for test recording is sequentially changed as W1,
W2, ..., and the test recording is finished at W6 at which
the jitter value exceeds the threshold. As represented
by an image matrix, the pulse width is sequentially
changed as W1, W2, ... W6 for the power P1, and the
pulse width W4 with which the jitter value is minimized
among W1 to W6 is used as a recording condition 104.
In this case, the pulse range to be tested is W1 to W6
over which the pulse width is changed, and the pulse
margin is W2 to W6 that is close to a region where the
jitter value does not exceed the threshold. As described
above, by using a test region extending up to a point
where the jitter value reaches the threshold, the number
of times of testing is reduced compared with a case
where a fixed pulse range is always used for testing.
[0185] Fig. 27 is a schematic diagram where the test
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region extends up to a point where a pole of pulse range
is obtained. In the example shown in Fig. 27, in addition
to the procedure of the example shown in Fig. 26, the
power value is changed and a pole of pulse range or
pulse margin determined for each power value is used
as a recording condition. In this example, while sequen-
tially changing the power value as P1, P2, ..., the pulse
width is changed for each power value until the jitter val-
ue reaches the threshold shown in Fig. 26, and this step
is repeated until power P4 with which the pulse range
or pulse margin is maximized is identified.

[0186] The pole of pulse range or pulse margin can
be identified by examining the amount of change be-
tween values at adjacent sample points. Thus, when the
power P4 is a pole, test recording is carried out up to
P5, which is immediately subsequent to the power P4.
Since the pulse range and pulse margin differ depend-
ing on the power value, the hatched region to be tested
differs depending on the power value, as represented in
the matrix image shown in Fig. 27.

[0187] When the power P4 is a pole, the power P4
and the pulse width W3 with which the jitter value is min-
imized for the power P4 are used as a recording condi-
tion 104. As described above, by changing the power
value in addition to the procedure of the example shown
in Fig. 26, the test region can be extended in the direc-
tion of power by a small number of times of testing.
[0188] Fig. 28 is a schematic diagram showing an ex-
ample where the power value is changed over the pulse
range by a smaller step size. As shown in Fig. 28, the
power value is changed by a smaller step size over P3
to P5 in the vicinity of the pole of the pulse range iden-
tified in Fig. 27, and a condition with which the jitter value
is minimized is used as a recording condition 104. As
described above, by changing the power value in the
vicinity of the pole by a smaller step size, a value ap-
proximate to an optimal value can be found. In this ex-
ample, an optimal point is found between P3 and P4.
[0189] Fig. 29 is a schematic diagram showing an ex-
ample where the test region extends up to a point where
the pole of minimum jitter is obtained, in addition to the
procedure of the example shown in Fig. 21. In the ex-
ample shown in Fig. 29, in addition to the procedure of
the example shown in Fig. 21, the pulse width is
changed and the pole of minimum jitter determined for
each pulse width is used as a recording condition. In this
example, the pulse width is sequentially changed as
W1, W2, ..., and the procedure shown in Fig. 21 is exe-
cuted for each of the pulse widths. While comparing the
minimum jitter values thereby obtained, this step is re-
peated until a pulse width W4 with which the jitter value
is minimized is identified.

[0190] The pole of minimum jitter value can be iden-
tified by examining the amount of change between val-
ues at adjacent sample points. Thus, when the pulse
width W4 is a pole, test recording is carried out up to
W5, which is immediately subsequent to W4. Since the
minimum jitter value differs depending on the pulse
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width, the hatched region that is tested differs depend-
ing on the pulse width, as represented in the matrix im-
age shown in Fig. 29.

[0191] When the pulse width W4 is a pole, the pulse
width W4 and a power P3 with which the jitter value is
minimized for the pulse width W4 are used as a record-
ing condition 104. As described above, by detecting a
pole of the minimum jitter value in addition to the proce-
dure of the example shown in Fig. 21, the test region
can be extended in the direction of pulse width by a small
number of times of testing.

[0192] Fig. 30 is a schematic diagram showing an ex-
ample where the test region extends up to a point where
a pole of minimum jitter value is obtained, in addition to
the procedure of the example shown in Fig. 26. In the
example shown in Fig. 30, in addition to the procedure
of the example shown in Fig. 26, power is changed and
a pole of minimum jitter value determined for each pow-
er value is used as a recording condition. In this exam-
ple, the power value is sequentially changed as P1,
P2, ..., and the procedure of the example shown in Fig.
26 is executed for each of the power values. While com-
paring the minimum jitter values thereby obtained, this
step is repeated until a power P4 with which the jitter
value is minimized is identified.

[0193] The pole of minimum jitter value can be iden-
tified by examining the amount of change between val-
ues at adjacent sample points. Thus, when the power
P4 is a pole, test recording is carried out up to W5, which
is immediately subsequent to W4. Since the minimum
jitter value differs depending on the power value, the
hatched region that is tested differs depending on the
power value, as represented in the matrix image shown
in Fig. 30.

[0194] When the power value P4 is a pole, the power
value P4 and a pulse width W2 with which the jitter value
is minimized for the power value P4 are used as a re-
cording condition 104. As described above, by detecting
a pole of the minimum jitter value in addition to the pro-
cedure of the example shown in Fig. 26, the test region
can be extended in the direction of pulse width by a small
number of times of testing.

[0195] As described above, according to this embod-
iment, a power value and/or a pulse range used in test
recording are determined based on testing of recording
characteristics, so that a more suitable recording condi-
tion can be determined by a smaller number of times of
testing.

[0196] Preferably, recording characteristics are test-
ed under a recording environment that is similar to an
actual recording environment in view of medium char-
acteristics, drive characteristics, and matching therebe-
tween, determining a test condition based on the result
of testing.

[0197] Instead of changing the number of times of
testing, the test region may be shifted in accordance
with the result of testing of recording characteristics. For
example, the following schemes may be employed
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when recording characteristics are predicted to have the
same sensitivity, lower sensitivity, and higher sensitivity,
respectively.
[0198] (1) When the sensitivity of the recording medi-
um is substantially the same as the sensitivity of the ref-
erence medium

It is determined that the reference recording con-
dition used for the prediction is close to an optimal con-
dition. Thus, the power value and pulse width are ex-
tended by predetermined amounts with respect to the
reference recording condition, and the resulting region
is used as a test region. For example, when the refer-
ence recording condition is a power P and a pulse width
W, the test region for the power value is P + 5 mW, and
the test region for the pulse width is W + 0.2T.
[0199] (2) When the sensitivity of the recording medi-
um is lower than the sensitivity of the reference medium

It is determined that an optimal value for the re-
cording medium requires more heat than an optimal val-
ue for the reference medium. Thus, the test region is
shifted to the side of high power and wide pulse width.
For example, when the reference recording condition is
a power P and a pulse width W, the test region for the
power value is P to P + 10 mW, and the test region for
the pulse width is W to W + 0.4T.
[0200] (3) When the sensitivity of the recording medi-
um is higher than the sensitivity of the reference medium

It is determined that an optimal value for the re-
cording medium requires less heat than an optimal val-
ue for the reference medium. Thus, the test region is
shifted to the side of low power and narrow pulse width.
For example, when the reference recording condition is
a power P and a pulse width W, the test region for the
power value is P - 10 mW to P, and the test region for
the pulse width is W - 0.4T to W.
[0201] That is, in the example described above, with
respect to the power P and the pulse width W, a region
defined by a power range of 10 mW and a pulse range
of 0.4 is shifted in accordance with recording character-
istics so that a more suitable recording condition will be
obtained. The test region may be determined based on
the eight patterns shown in Fig. 14 and described earlier.
[0202] Alternatively, the number of times of testing
may be changed instead of changing the test range.
[0203] According to the embodiment, it is possible to
find, by a smaller number of times of testing, a recording
condition suitable for a combination of medium and drive
that are actually used. Thus, application to high-speed
recording or high-density recording, which is consider-
ably affected by the effect of variation in characteristics
of media or drives, is expected.

Claims
1. A recording method for recording information onto

an optical recording medium with a recording con-
dition determined based on a result of test recording



31 EP 1 551 010 A2

carried out by irradiating pulsed laser beams onto
the medium, wherein the test recording is carried
out by changing a power of the laser beams in a
stepwise manner, and a range of changing the pow-
er is determined based on a result of checking re-
cording characteristics prior to the test recording.

The recording method according to Claim 1, where-
in the test recording is carried out by changing a
pulse width in a stepwise manner and changing the
power in a stepwise manner for each value of the
pulse width changed.

The recording method according to Claim 1, where-
in the recording characteristics are checked by car-
rying out test recording on the optical recording me-
dium by a plurality of predetermined reference con-
ditions and detecting a result of reproduced charac-
teristics.

The recording method according to Claim 3, where-
in the range of changing the power is determined
based on a difference between a larger power value
and a smaller power value at two points that satisfy
a reproducing criterion, the larger and smaller pow-
er values being derived based on results of approx-
imating the recording characteristics of the optical
recording medium using a plurality of reproduced
values obtained by detecting the reproducing char-
acteristics.

The recording method according to Claim 3, where-
in the range of changing the power is determined
based on a difference between a larger power value
and a smaller power value at two points that are
closest to a reproducing criterion among a plurality
of reproduced values obtained by detecting the re-
producing characteristics.

The recording method according to Claim 3, where-
in the range of changing the power is set based on
a power value at a pole of change in the reproducing
characteristics.

A recording method for recording information onto
an optical recording medium with a recording con-
dition determined based on aresult of test recording
carried out by irradiating pulsed laser beams onto
the medium, wherein the test recording is carried
out by changing a pulse width in a stepwise manner,
and a range of changing the pulse width is deter-
mined based on a result of checking recording char-
acteristics prior to the test recording.

The recording method according to Claim 7, where-
in the test recording is carried out by changing a
power of the laser beams in a stepwise manner and
changing the pulse width in a stepwise manner for
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32
each value of the power changed.

A recording apparatus for recording information on-
to an optical recording medium with a recording
condition determined based on a result of test re-
cording carried out by irradiating pulsed laser
beams onto the medium, wherein the test recording
is carried out by changing a power of the laser
beams in a stepwise manner, and a range of chang-
ing the power is determined based on a result of
checking recording characteristics prior to the test
recording.

A recording apparatus for recording information on-
to an optical recording medium with a recording
condition determined based on a result of test re-
cording carried out by irradiating pulsed laser
beams onto the medium, wherein the test recording
is carried out by changing a pulse width in a step-
wise manner, and a range of changing the pulse
width is determined based on a result of checking
recording characteristics prior to the test recording.

A signal processing circuit that is to be included in
a recording apparatus for recording information on-
to an optical recording medium with a recording
condition determined based on a result of test re-
cording carried out by irradiating pulsed laser
beams onto the medium, the signal processing cir-
cuit comprising:

means for carrying out test recording by chang-
ing a power of the laser beams in a stepwise
manner; and

means for determining a range of changing the
power based on a result of checking recording
characteristics prior to the test recording.

A signal processing circuit that is to be included in
a recording apparatus for recording information on-
to an optical recording medium with a recording
condition determined based on a result of test re-
cording carried out by irradiating pulsed laser
beams onto the medium, the signal processing cir-
cuit comprising:

means for carrying out test recording by chang-
ing a pulse width in a stepwise manner; and

means for determining a range of changing the
pulse width based on a result of checking re-
cording characteristics prior to the test record-

ing.

A recording method for recording information onto
an optical recording medium with a recording con-
dition determined based on a result of test recording
carried out by irradiating pulsed laser beams onto
the medium, the recording method comprising the
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step of checking recording characteristics prior to
the test recording, wherein the number of times of
recording during the test recording is changed
based on a result of checking the recording charac-
teristics.

The recording method according to Claim 13,
wherein the change in the number of times of re-
cording involves a change in a power condition of
the laser beams and/or a change in a pulse condi-
tion.

The recording method according to Claim 13,
wherein the recording characteristics are checked
by irradiating the optical recording medium with
pulses of laser beams by at least two sets of record-
ing condition that differ in a power condition of the
laser beams and/or a pulse condition.

A recording method for recording information onto
an optical recording medium with a recording con-
dition determined based on aresult of test recording
carried out by irradiating pused laser beams onto
the medium, wherein the test recording is carried
out by changing a power of the laser beams in a
stepwise manner, and the number of times the pow-
er is changed is determined based on a result of
checking recording characteristics prior to the test
recording.

The recording method according to Claim 16,
wherein the test recording is carried out by chang-
ing a pulse width in a stepwise manner and chang-
ing the power in a stepwise manner for each value
of the pulse width changed.

The recording method according to Claim 16,
wherein the recording characteristics are checked
by carrying out test recording on the optical record-
ing medium by a plurality of predetermined record-
ing conditions and detecting a result of reproduced
characteristics.

The recording method according to Claim 18,
wherein the number of times the power is changed
is determined based on a difference between a larg-
er power value and a smaller power value at two
points that satisfy a reproducing criterion, the larger
and smaller power values being derived based on
results of approximating the recording characteris-
tics of the optical recording medium using a plurality
of reproduced values obtained by detecting the re-
producing characteristics.

The recording method according to Claim 18,
wherein the number of times the power is changed
is determined based on relationship between a re-
producing criterion and results of approximating the
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recording characteristics of the optical recording
medium using a plurality of reproduced values ob-
tained by detecting the reproducing characteristics.

The recording method according to Claim 18,
wherein the number of times the power is changed
is determined based on a difference between a larg-
er power value and a smaller power value at two
points that are closest to a reproducing criterion
among a plurality of reproduced values obtained by
detecting the reproducing characteristics.

The recording method according to Claim 18,
wherein the number of times the power is changed
is determined based on relationship between a re-
producing criterion and two points that are closest
to the reproducing criterion among a plurality of re-
produced values obtained by detecting the repro-
ducing characteristics.

The recording method according to Claim 18,
wherein a range of changing the power is set based
on a power value at a pole of change in the repro-
ducing characteristics.

The recording method according to Claim 18,
wherein the number of times the power is changed
is determined based on relationship between a pre-
determined reproducing criterion and a plurality of
reproduced values obtained by detecting the repro-
ducing characteristics, and the number of times is
changed by additional recording with a recording
condition that is different from a recording condition
used to check the recording characteristics.

A recording method for recording information onto
an optical recording medium with a recording con-
dition determined based on a result of test recording
carried out by irradiating pulsed laser beams onto
the medium, wherein the test recording is carried
out by changing a pulse width in a stepwise manner,
and the number of times the pulse width is changed
is determined based on a result of checking record-
ing characteristics prior to the test recording.

The recording method according to Claim 25,
wherein the test recording is carried out while
changing a power of the laser beams in a stepwise
manner and changing the pulse width in a stepwise
manner for each value of the power changed.

A recording apparatus for recording information on-
to an optical recording medium with a recording
condition determined based on a result of test re-
cording carried out by irradiating pulsed laser
beams onto the medium, wherein the test recording
is carried out by changing a power of the laser
beams in a stepwise manner, and the number of
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30.
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times the power is changed is determined based on
a result of checking recording characteristics prior
to the test recording.

A recording apparatus for recording information on-
to an optical recording medium with a recording
condition determined based on a result of test re-
cording carried out by irradiating pulsed laser
beams onto the medium, wherein the test recording
is carried out by changing a pulse width in a step-
wise manner, and the number of times the pulse
width is changed is determined based on a result of
checking recording characteristics prior to the test
recording.

A signal processing circuit that is to be included in
a recording apparatus for recording information on-
to an optical recording medium with a recording
condition determined based on a result of test re-
cording carried out by irradiating pulsed laser
beams onto the medium, the signal processing cir-
cuit comprising:

means for carrying out test recording by chang-
ing a power of the laser beams in a stepwise
manner; and

means for determining the number of times the
power is changed, based on a result of check-
ing recording characteristics prior to the test re-
cording.

A signal processing circuit that is to be included in
a recording apparatus for recording information on-
to an optical recording medium with a recording
condition determined based on a result of test re-
cording carried out by irradiating pulsed laser
beams onto the medium, the signal processing cir-
cuit comprising:

means for carrying out test recording by chang-
ing a pulse width in a stepwise manner; and
means for determining the number of times the
pulse width is changed, based on a result of
checking recording characteristics prior to the
test recording.

10

15

20

25

30

35

40

45

50

55

19

36



EP 1 551 010 A2

FIG. 1
PULSE WIDTH
_ T
/‘\/
WEAK powgR STRONG  POWER
NARROW 4 /l
pZ
PULSE WIDTH
N
100
WIDE |
FIG. 2
JTTER
4 102a 1o 102
102e
102b o
THRESHOLD
1 1 L, POWER
P1 P2 P3

20



EP 1 551 010 A2

FIG.3
/ \ 30 32
/ _ /
PU SERVO DETECTOR
A A A
34
RF DETECTOR
4 36
LD CONTROLLER H
b
4 38
MEMORY d
40
TRACKING
CONTROLLER e
42
FOCUS CONTROLLER  |¢
FIG. 4
S10
f’
DETERMINE REFERENCE S20
CONDITION \ ,'
CHECK RECORDING
S12 CHARACTERISTICS
\ 4 el
DETERMINE REFERENCE S22
THRESHOLD v >
DETERMINE TEST
81 4 REGION
\ 4 Z
INITIAL SETTING OF S24
RECORDING APPARATUS v ,/
PERFORM TEST RECORDING
S16
y Z
LOAD MEDIA FOR RECORDING S26
y Z
DETERMINE RECORDING
318 CONDITION
y Z
RECORDING AND PLAYBACK BY $28
REFERENCE CONDITION v P
RECORD INFORMATION

21




EP 1 551 010 A2

FIG.5
S50
2]
SET RECORDING
CONDITION
$52
L . yal
RECORDING AND
PLAYBACK
S54
Y Z
DETERMINE SYSTEM
REFERENCE VALUE
S56
y el
CALCULATE THRESHOLD
FIG. 6
e~102-4
JITTER
4 102-3
102-1 THRESHOLD
SYSTEM REFERENCE VALUE
__________________________________________ 7 POWER
i 1 | 1 1 | —
Pt P2 P3 P4 P5 P6
11513 113 1125 1A 477,
e s
W3 %
w4 XA A A

22



EP 1 551 010 A2

102-1

THRESHOLD

-

_____________ PR POWER

v

; -
Y,
w3 X 111147
W [zt i m | |||
JTTER
A
O //O THRESHOLD
FIG. 8A S L s
[ NS T
o
O
! ! ! _» POWER
P1 P2 P3
JTTER
AT O ,/O
~ v
- P
FIG. 8B N THRESHOLD
. O .z/-‘//
. L . __» POWER
P1 P2 P3

23



EP 1 551 010 A2

JITTER
4
THRESHOLD
FIG. 9A O\\ ,
N T
O
1 ! 1 » POWER
P1 P2 P3
JTTER
t O
O, THRESHOLD
FIG. 9B 0
1 ] 1 > POWER
P1 P2 P3
JTTER
ﬂk
THRESHOLD
FIG. 10A L0 s
------------ @ 2
O
' ' ' —> POWER
P1 P2 P3
JTTER
t 0
/,//O/ THRESHOLD
FIG. 10B O S
1 ! » POWER
P1 P2 P3



EP 1 551 010 A2

—» POWER
P1 P2 P3
i 2008 1 1
W2 7 7
W3 7 7B
\'l4 / /
16 \I\V %, Z \
108-1 108-2 108-3
FIG. 12
JITTER 106

POWER RANGE

THRESHOLD

! —L ' L, POWER
P1 P2 P3 P+
1 UGN
H2 MUY U NN
W3 DU % // DU,
W5 i Y
We ) %% \

\\\108—1 T\\108—2 \\\103—3

25



EP 1 551 010 A2

FIG. 13
JITTER
4 106
POWER RANGE / THRESHOLD
N X LIIII
! L ! i » POWER
P+ P P2 P3
I .
w2
W3 % 2 %
W4 %% A%
W5 Y% 2 9,
w6 %% 7 Z \
\108—1 \108~2 108-3
FIG. 14
Relationship with Predicted recording .
Pattemn Shape throshold characteristics Pulse width
1 Arbitrary | Maximum jitter < Threshold Same sensitivity +0. 27
2 Valiey Minimum jitter < Threshold Same sensitivity +0.17
. Same sensitivity but much
3 Valley Minimum jitter > Threshold difference in media +0.2T
. characteristics -
4 Right- Minimum jitter < Threshold Somewhat lower than +0. 1T,
decreasing reference medium +0.2T
5 Right- Minimunm jitter > Threshold Much lower than +0. 2T,
decreasing reference medium +0. 4T
6 Right- Minimum jitter < Threshold Somewhat higher than -0.1T,
increasing reference medium _0. 2T
7 Right- Minimum jitter > Threshold Much higher than -0.21,
increasing reference medium -0.47
8 Mountain | Maximum jitter > Threshold Not available +0. 2T

26




EP 1 551 010 A2

POWER RANGE

UPPER LIMIT]

THRESHOLD

LOWER LIMIT]

» POWER

POWER RANGE

UPPERLWMIT } _ _ __ N Ay

THRESHOLD) _ _ ___ N __ M _____

LOWERLIMIT | N\ __

_» POWER'

27



EP 1 551 010 A2

FIG. 17
JTTER
4
Q4 . POWERRANGE
" é THRESHOLD
O
i 1 1 1 1. I > POWER
P1 P2 P3 P4 P5 P6 P7
X7 4 7. /l l l
7, A
PULSE WIDTH
Ttop 10-1
12 14
2 L — —
PWD
L _ e |
FIG. 18A PW
Ttop_
12 14 10-2
Z Z /—"/
FIG. 18B PW

28



EP 1 551 010 A2

12 14
/ p —
PWD
FIG. 19A —I
Tmp 10-2
12 l‘—'l 14
el e /‘/
FIG. 198
12 14 4
el Z /“/
FIG. 20A
Ttopr <> <1 Tlast
1 10-2
i12 4 (_/
FIG. 20B

Ttopr <>

<+ Tlast

29



EP 1 551 010 A2

FIG. 21
JITTER

THRESHOLD

104
1 1 i 1 1 1 » POWER
P1 P2 P3 P4 P55 P6 P7
| 1 | V
vt 7/ a7 e > 1/
PULSE WIDTH [~
—— 104
FIG. 22
POWER RANGE
104
4 ;
o~ o,
PULSE WIDTH
I 1 1 1 1 L,
104 W1 W2 W3 W4 W5 We
- P1 P2 P3) P4 PS5 P6 P7
We AT «

30



EP 1 551 010 A2

FIG. 23
JITTER
1\
Q‘ . POWERRANGE
,‘ l THRESHOLD
* O
I 1 1 1 1 1 1 » POWER
Pl P2 P3 P4 P5 P6 P7
S T T N |
. I////// /)
PULSE WIDTH
FIG. 24
JITTER
4
. POWER RANGE X
I ' THRESHOLD
______________ O ... O
O oo
O @)
1 1 1 I 1 1 1 —» POWER
Pl P2 P3 P4 P5 PTG P7
TR
PULSE WIDTH EEnENE

— 104

31



EP 1 551 010 A2

FIG. 25
POWER RANGE
4

O"O\
s

PULSE RANGE

W1 W2 W3 W4 W5 W6

yP1_P2 P3 P4 Ps P6 P7
W2
W3 7
W4 i %
WS e A A <
W6 N
104
FIG. 26
JITTER
'S

THRESHOLD

N . 0O
L_A____Q‘ ________________________

O af
1?)4 PULSE WIDTH
I 1 1 L 1 L,
104 W1 W2 W3 W4 WS W6

P1\ P2 P3 P4 P5 P6 P7

32



EP 1 551 010 A2

FIG. 27
PULSE RANGE
N 104
O/ O
1 1 1 i 1 1 1 » POWER
Pl P2 P3 P4 P5 P6 P7
W v f;'/ /l y A 4 4
2 .
W3 A 4?4
W4 N
W5 —
Y6 v/ —~—104
FIG. 28
PULSE RANGE 104
A S
O CD\‘
()/ L O
POWER RANGE
L ] 1 1 1 1 L » POWER
Pt P2 P3 P4 P5 P6 P7
A A
W1
W2 %%
4 V,
WS -
We hN

S 104

33



EP 1 551 010 A2

FIG. 29
MINIMUM JITTER
4} Q
! : 4 PULSE WIDTH
1 1 | | | 1,
104 W1 Y2 W3 W4 W5 we
P1_ P2 P3)P4 P5  P6  P7
W1 V4 '
W2 > >/
W3 >
W4 > > <
WS Vv <
We -
FIG. 30
MINIMUM JITTER
I N
OW O
104
: L 1 1 ! ! —» POWER
P1 P2 P3 P4 P5 P6 P7
| T T I |
W1 %% %
W2 4
:ﬁ Ziza
W5 =—104
We [

34



EP 1 551 010 A2

FIG. 31
PULSE WIDTH
1
WEAK POWER  STRONG POWER-]
NARROW 4 ] /
7
%
puLSEWIDTH| P GHYHY, %\
100
WIDE 4
FIG. 32
JITTER
4
102
THRESHOLD
» POWER

35



EP 1 551 010 A2

FIG. 33

WEAK POWER STRONG

<
< —>

NARROW4

PULSE WIDTH Y -\
100

WIDE ¥

FIG. 34

WEAK POWER STRONG

—
<« —»

NARROW ¢

PULSE WIDTH

WIDE | i

100

36



	bibliography
	description
	claims
	drawings

